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TNTRODUCTIOI\I

Genrvd Cod ll ine is loclred rpproximarely l8 miles north lvestof Huncington. Unh. Thestrte
lcue !1L-21569 allorvs rhe Gcnrval Co.rl Company to mine under all of section 36 of the Rild:r
Canyon quadnn-ele in the Unh geologicrl lnd mineral sur',v'ey map. The mining is being carried
out in the nerrly t1a,t-lyin_r. Hirvuha coal seam with an average thickness of 8 tt lying at an
average depth of 1600 ti below rhe surtace. The overail mining pattern for the initirl sage of
mining is shown in Figure t. Ar the wesrern end of this lecse, mining begins at 100 fi from the
lease boundary. The currenr mining prnem ar this end consiss of Frve 20 ft entries sepiuated
by four 50 tl rvide chains of pillars, running from north-to-south sides of the property (Figurc 2a).
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Figure l: fur overall map of Genrval lvline Showing Initial Stage Minin-e Plan Starc l-case
tvtl - 21569.

It is planned in the next phase to minc out the three left pillrrs (Figurc 2a), crcating ap-
proximately 270 ti rvide prnel t'hnked by intact corl on the west side and the 50 ft wide fourth
pillu follorved by 20 ti rvitlc enry on the erst side of the panel. As the mining continues further
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b) Section Along the Panel - Proposed Pillar-Pulling Scheme

Figure 2: Current and Proposed Mining Plans for the West-End of the Property

to the easr, it is expected ro leave a 250 ft wide pillar beyond the last entry (Figure 2b). Thus
the proposed secondary mining (pillar-pulling) operation rvill rcsult in an overall rccovery of
approximarcly 507o. Ttre purposi of this study was to make a preliminary assessment of the
nature of any potential zubsidence due to the proposed mining (pillar'pulling) operation.

)
a SUBSIDENCE CALCULATION

2.1 National Coal Board Technique

The Nadonal Coal Board (NCB) of England has pubtished an empirical sct of rules and graphs
for compudng the marimum subsidence and the subsidence profiles over cod mines NCB, 1975).
Thcse empirical rules and graphs are developed from observrtions over a large number of
longrvall mining operadons in iingte and multiple seams in Engllnd. Nevertheless, the NCB
technique of subsi<lencc prediction provides a fusthrnd guidurce for other torms of mining
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operirtir)ns in ttther -seognphicd areus ls rve ll. In panicuiur. tbr the proposed mining ut Genrvrl
Iline resuldng in the punel lengrh to rvidth ri,rtir) of upproximrtety is t:17. it is very rersoneble
to :$sume I longrvull situirtion.

The follorving cdculirtions iue based on he NCB techniquc:

' Assume: Extncted rvidth. w = 270 ft (82 m)
Depth of Cover. h = 1,600 tt (a88 m)
E.rcavated Height, m = I tl

' From the NCB curves (p. 9) : Sp1u, /rn = .077
where, S11r, = lVla.rirnum subsidence, rt thE ccnter of the panel widttt-

' Therefore, S*r* = .61 tl

' With a virgin ground reduction factor of .9, Slr". = .55 ft = 6.6 in-

. A family of curves give rhe subsidence S at any distance d from the center of the panel
as a fracrion of the maximum subsidence S11", &t the ccnter. Thcse curves are plos of the
nondimensionalircd ratios w/h vs. d/h tbr S/Sma.t values ranging from 0 o l. In the
presenr case, w/h = 270/1600 = .L7. The NCB family of curves are drawn uP to a lorver
limit of w/tt = 0.2 oniy and are not applicable in the present case.

Commonly observed drarv angle in the western U.S. region lies benveen 20o to 35o. For
drarv angles of ranging betrveen 20o to 40o, the corresponding cridcal width of an opening
as conventionally accepted is given as ranging benveen .72h to l.6h ,(h being the seam
depth). By rhese surndards the opening in the culrent case has undoubadly a subcritical
rvidrh (270 tt). Untornrnarely, for subcritical openings, the empirical tcchniques bascd on
subsidence facror (S/m) are nor very reliable and are likely to overestimoc the mrximum
subsidence as well as the drarv angle.

2.2 Deer Creek lVline Subsidence Study

U.S. Bureau of mines has published (Allgaier. 1988) the results of an exEnsive, long'rcrm
subsidence invcsrigation ouei the Deer Creek Mine (owned urd operatcd by the Utah Power &
Lighr Company), approximarcly 7 miles south of the Genrval Mine Sic. The study consistcd of
moniroring subsidence over four longwall panels mined in the Blind Canyon coal seam over a
period of four yea$. Blind Canyon coal seam is approximately 70-ft above the Hirvatha coal
seam being mined ar rhe Cenrval Mine. Since the overall stratigraphy at the Deer Crcek lvtine
Site is generally rhe same as ar the Genrval lvline Site, it is rcasonable to :tssume ttrat the
inferences drlrvn from rhe USBlvt study could be appliceble to the Genrval lvtinc as well.

TerrcrTek
UniversitY Researcb Park

.120 Wrkue Way ' Salt Lalie Ciry. Utah 8'1108
. '  - .  . ' i . -  r  '  . .  :  "  -

FAX (801) 5t.t-2-106



Gcn*'al Co:rl Compunv
TR9l--t7 Pre[iminun Snrrjv of' Potentiul Subsidence

&

Dccember  f  .  i vv l
D r o p  I
I  5y -u  

r '

Follorvin-g _gener:il obscn-uuons can be made:

' tt appetrs rhat t'or I single puncl of width -180-ft driven to approximrtely l.6t)0-ff the
manimum subsidence over the plnel tvas less thm 3 inches.

. The drc,rv angles observed ar both tongitudinal e nds of each prnel varicd from 26o to 38o.
The xvem-ee drrw rngle for the endre operation hrs been rcported as 30o. It hrs been
mentioned that. this average value of 30o can be used to define the limit of subsidence
beyond rhe Limir of mining. This conclusion is based on the excavation of 4 adjacent
panels. covering an overall area of approximately 2,400 ft x 2,400 ft, horvever. A carcful
investigation of rhe subsidence contours ptotted at various strges of mining shows that
for a sin-ele panel of 480 ft width. the draw angle on the (virgin ground) rib-side was
closer to 25o. Funhermorc, rhe strarigraphy at the Deer Creek Minc seems to lack
continuous, compercnt columns of sandstone as exhibited in the DH'7 column at the
Genrval lvtine Sire.. Considering these factors, it is believed that the acnral draw angle,
in the case of a subcritical opening as proposed at the Genwal Mine should be much low-
F ?
v a .

2.3 Elastic Analysis

A simple, rwo-dimensional, linear-elastic analysis was conducted using the material properties
and seam level constrains guided by thosc reported in the Serrata Geomechanics, lnc., lcPort
(SGI, l99l). A boundary eiemenr compurer program "TABEX-2D" was used for this purpose.
The overburden in this analysis is treatid as a single layer medium. fui equivalent set of elastic
propefties for this medium is calculatgd from the SGI data for the component layers given belorv
in Table l. The component layer stratigraphy was constructed by thE SGI based on the
geological log obtained from wellbore DH-7.

If H represens the total thickness and E the equivalent Young's Modulus, E can be obtained
using an approximate reladonship given bclow:

H-Hr*H:*Hr*"**Ht
EEr4E3E{85

( l )

This gives the equivalenr Young's Modulus E = 3.5 x 106 psi. The equivalent Poisson's Ratio
of .2 was assumed in the analyscs. The 5rh layer of silutone lying below thc coal layer is
included in the equivalenr modulus calculation on the premisc that any settlement bclow the coel
layer is confined rvithin the immediate floor layers.

The basetine ccse was anrlyzed for the mining pattern rvith a 270 ft wide opening as shown in
Figure 2b. No consuains were imposed at the searn level in this case, except that no sEesses
were Etnsmitred through the mined zones and the unmined coal behaved elasdcally (Young's and
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T:.rble l: Stradgnphy ilnd El:rstic PropertiesAssumetl in the SGI Rcpon.

Lryer #
( i )

Componen
t Layer Thickness

(ri) (Hi)

Young's
lvlodulus
(p.si) (Ei)

I Shde n2 l x106

2 Sandstone 1,088 3.3?5 x 106

3 Siltstone 40r 6.86 x 106

4 Coal r0 .288 x t06

5 Siltstone 389 6.86 x 106

shear moduii: E.ool = .29 x 106 psi and G.o.l = .12 x 106 psi). As innritively exPected, very little

seam closure (<ilnch) and high piilu sueises ( in excess of 5,000 psi) were obscrved. This is

undersrrndable, since no roof break and pillar yielding is allowed in ur elastic analysis.

A set of additiona,l runs rvere made in rvhich a sesm closurc of 6, 18, urd 24 inches, rcspectively

lvere imposed in the mincd out arecs, thus relieving the high strcsses in the rib arca' and in some

sense simulating the pillar yielding siruadon. In order to put these in pcrspective' it should be

menrioned rhar the maximum room closurE for a 100 ft opening calculaad in the SGI rcport

(Case 5: all the pillars knocked off) is 2.3 inches, afrcr accoundng fe1 pnlisiic manifesutions

such as pillar yielding, immediate roof break, and the time dependent effects. The subsidcnce

profile for all four cases are shorvn in Figurc 3.

It is clear from Fi-eure 3, rhat even in the rvorst case analyrcd with a searn closurc of 24 inches'

rhe ma,cimum subsidence resulting ar rhe surface is only of the order of 3-5 inches. The profile

is fictitiously elongated on either side of thc opening due to two reasons:

l. The imposed uniform closures ovcr the entire opening, and

2. Built-in deficiency of the elastic analysis

It is rvell established that the elastic analysis based on an isotropic rock mass consideration, in

general. predica lowcr marimum subsidence and higher drarv angle as comPared to that obscrved

in practiie. Transversely isouopic characrerization of the rock mass accounts for thc prescnce

of itrarifrcation anrl ptouides more realisric subsidencc profiles, if the rock mass is trcarcd as c

monolithic ,*.*r.. Considering these factors, it is rcasonablc to assume that thc acilal

subsidence profile will have slopes sreeper than those exhibircd by thc curyes in Figure 3. It

must also be pointed out that rhe predicted subsidence include any subsidence that might already

have taken place.
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SUBSIDENCE PROFILES FROM ELASTIC ANALYSIS
(FOR VARIOUS VALUES OF SEAM LEVEL CLOSURES - w)
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Subsidence Profrles from Elastic furalysis of the Proposed Mining Panern in the

West-Enrl Purel. (Various curves are for different closure values - w, imposed

over entirc opening)

Figure 3:
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3 CONCLUSIOT{S

On the basis of the preliminary analysis reported here. it is estimr,ted th:rt the proposed pitlu-
pulling scheme rvill rcsult lt rhe surface r mucimum subsidence of not more than 3 to .t inches
at appno.rimaely 2-t0 ft inside the lease-boundary at the westend of the properry. The draw angle
over the innct coal is expectcd to bc of the ordcr of 20o.

Morc deflrnidve statements to thesc effects supported by accuratc and morc realistic subsidence
profiles can only be provided by conducting a detailed analysis in conjunction rvith laboratory
tess to dearmine the deformational characteristics and failure behavior of the constituent layers
of the rock mrss.
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